Introduction: Motion sensors are mechanical and electronic devices, which detect the body movement and provide an estimate of physical activity in children and adults. However, they need to be validated against criterion methods such as direct observation. The purpose of this study was to validate a wrist worn accelerometer to quantify the physical activity of children, by comparison to direct observation using the Children's Activity Rating Scale (CARS). Materials and Methods: Data were recorded from 42 children, aged 3 -5 years (22 boys and 20 girls), of whom each was observed each minute for 2 hours using Children's Activity Rating Scale (CARS) while they wore the Actiwatch. Results: The CARS score and activity counts from the accelerometer were averaged over 1-to 10-minute periods across all individuals. There was a significant positive correlation between the mean CARS scores and the mean Actiwatch counts over simultaneous 1-to 10-minute periods ranging from r = 0.41 to r = 0.63 (P < 0.001). To assess validity of the data, a cross validation method was applied. There was no significant difference between the predicted and the observed CARS scores in the validation sample. Given the data from the Actiwatch (averaged over a 5-minute epoch), the equivalent CARS score could be calculated with a 95% confidence level of plus or minus 0.74 CARS units. Conclusion: These data suggest that the Actiwatch (a wrist worn accelerometer) is a valid tool for assessing levels of physical activity in young children.
INTRODUCTION
The prevalence of obesity among children in both developed and developing countries has reached epidemic proportions [1] . Attention has been directed to understand the causes, consequences, treatment, and prevention of this current epidemic. Change in children's dietary and physical activity may play a central role in the obesity epidemic [2] . There is little evidence to suggest that children have increased their consumption of energy in recent years [3, 4] , consequently attention has shifted towards reductions in the levels of physical activity as a major potential contributor to this epidemic. Although, the role of physical activity in the development of obesity is less clear, there are some studies that show a positive relationship between childhood obesity and physical inactivity [5, 6] . However, a debated issue remains.
Epidemiological studies indicate a decrease in physiccal activity among children and adolescents during last decades [7] . However, most epidemiological research is based on subjective indirect measures of physical activity, such as activity questionnaires, which rely on the subject's capacity to recall past activity patterns. Such recall is prone to error, and this is perhaps compounded for young children where the recalled activity is made second hand by a parent or caregiver. To obtain greater insight into the interaction between physical activity and childhood obesity, there is a need for more objective and reliable measures of physical activity in free-living conditions [8] .
A number of methods for assessing physical activity in children are available, each with advantages and disadvantages. Perhaps the most reliable measure of physical activity is direct observation. This method, however, has several drawbacks. It is labour intensive, and the presence of the observer or a camera may disrupt natural behaviour patterns. Self-report questionnaires and diaries overcome the problems associated with direct observation, but while they are less invasive, they are also prone to reporting errors [9] . Measurements of energy expenditure levels, either using Doubly Labelled Water or by heart rate monitoring provide measures of energy expended on activity that can be collected remotely without the need for persistent direct observation. But these methods are invasive and expensive and hence unsuited to large-scale field measurements. Accelerometers provide a method that potentially overcomes many of the disadvantages of other techniques [10, 11] . Modern accelerometers are compact and lightweight and many can be worn on the wrist like a watch, making them very unobtrusive. However, these devices generally generate information on levels of physical activity in terms of "counts". How this measure translates into categories of activity used in direct observation is uncertain and is likely to vary with the different commercially available loggers and precise details of how they are used.
Some commercially available accelerometers have been validated and calibrated in populations of interest [12, 13] . The location of attachment on the body may affect the accuracy of these devices. One study found that different correlation between energy expenditure on the treadmill and activity counts was collected with an accelerometer placed on different locations of body. Attaching the accelerometer on ankle, hip and wrist showed most accurate prediction of energy expenditure [14] . Similar finding has been observed in a recent study in children and adults [15] . Wrist-worn accelerometers have been shown to accurately measure activities that are underestimated by waist-mounted monitors, such as cycling and rowing, but may overestimate those activities that require rapid hand movements like typing [16] . Despite some limitations, accelerometers have been found to give useful objective measurements of physical activity in young children [17] . Among them, the Actiwatch is small, more convenient to use and with a large capacity for monitoring and storing physical activity data, and is easy for the children to wear over protracted periods of time. This wrist-worn accelerometer has never been validated under free-living conditions and activity counts cannot be translated readily into activity intensities. Therefore, the evaluation of this small accelerometer to detect physical activity in children may help future studies investigate the association between children's physical activity and health.
The aims of this study were to: Firstly, compare a wrist worn accelerometer (the Actiwatch) with direct observation using the Children's Activity Rating Scale (CARS) and to produce a formula, which will calculate the intensity of activities based on Actiwatch counts. And secondly, compare the relationship using observation periods and epochs greater than 1 minute.
METHODS

Subjects
Participants for the study were 42 Caucasian children (22 boys, 20 girls), with a mean age of 4.06 ± 0.76 years. The Grampian Research Ethics Committee approved the study protocol and subjects were recruited from local nursery schools around Aberdeen, NE Scotland, UK. Written informed consent was obtained from the child's parents or guardian and verbal consent from the child.
Observations
Prior to the placement of the Actiwatch, the weight of children dressed in light clothing was recorded (0.1 kg) using high precision electronic scales (SECA, Vogel & Halke, Hamburg, Germany), while height was measured up to 0.1 cm using a portable stadiometer (Leicester stadiometer, Child growth Foundation, London, UK). These measurements were carried out at the nurseries by researchers. The children were then allowed to take part in their normal nursery routine. Nurseries in the UK generally consist of social groups of similar aged children along with a number of care workers. They engage in a number of structured activities, such as meals and organised play activities, as well as free time when their activity is unstructured both inside and outside the nurseries. After 5 min acclimation time, observations were made of individual children for a period of approximately 2 hours during which time they engaged in both structured and unstructured activity.
Physical Activity Monitor (Actiwatch)
The Actiwatch-L (Cambridge Neurotechnology Ltd.) is a small accelerometer containing a miniature uniaxial recorder, which produces a signal as the unit is accelerated over 0.05 g. This signal is measured 32 times per second and processed to provide the digital integration of the amount and duration of movement. The monitor stores this information in non-volatile memory as activity counts. These activity counts can be downloaded and analysed using the Actiwatch analysis software. The Actiwatch has filters to exclude readings outside the 3 -11 Hz ranges. For this study, the Actiwatch was worn on the non-dominant wrist of each subject and it was set up to store total activity counts per minute (epoch) during the observation period.
jects. In this study, there were two observers and CARS scores were measured each minute by them. Each observer scored only one child and continuous monitoring was limited up to 2 hours. The CARS includes a wide variety of physical activities and exercise intensities, which can be classified to 5 categories according to a rating system developed by Puhl et al. [18] .
. The CARS score was recorded by averaging all levels of physical activity (and inactivity) within each minute. Actiwatch can be programmed to record PA epochs of less than one-minute, however, the shortest measurement period with CARS is one minute, hence this was chosen.
Statistical Analysis
Descriptive statistics were carried out for all variables including CARS scores and Actiwatch output (counts). Activity counts for 1 to 10 minute time intervals (Epochs) were categorised and matched with average of accompanying 1 to 10 minutes' CARS scores for each subject's data. A correlation coefficient was computed to quantify the linear relationship between CARS scores and Actiwatch counts for those different time intervals. Linear regression analysis was also applied with curve estimation, between the Actiwatch counts and the CARS scores. Multiple-linear regression was used to identify effects of other variables. Statistical Software of MINITAB (Version 14) was used for all statistical analyses. The level of statistical significance was set as P < 0.05.
RESULTS
Forty-two children (3 -5 years) took part in the study. Subject characteristics are given in Table 1 . There was no difference between boys or girls in average Actiwatch counts or CARS scores.
The average duration of direct observation was 109.21 ± 12.24 minutes. Figure 1 shows the trend of correlation between Actiwatch counts for 1 to 10 minute intervals and corresponded CARS scores (Ranging from r = 0.41 to r = 0.63, P < 0.001).
To consider the accuracy and resolution of correlation, among different intervals, 5 minutes (Figure 2 ) was chosen for the subsequence of analysis (r = 0.59, P < 0.01). However, it was found that some individual data did not correlate. On closer inspection of the data it was found that these subjects did not have a wide range of activities (n = 11), and when these subject were excluded the relationship was stronger (r = 0.67, P < 0.001).
To find out whether the results found are valid a cross validation method was applied [19] . In this method the subjects were randomly divided in two groups of a validation (n = 21) and a cross-validation sample (n = 21). On the cross-validation sample, the correlation between CARS score and Actiwatch counts was significant (r = 0.52, P < 0.001). The regression equation (CARS levels = 1.65 + 0.000432 × Actiwatch counts) to predict CARS levels by Actiwatch counts did not intercept at zero. Therefore, the log of Actiwatch data was used to change the intercept and have linear relationship (CARS levels = −0.138 + 0.758 log Actiwatch counts). When the equation developed from cross validation sample was applied to the data from the validation sample; there was no significant difference between the predicted and the observed CARS levels and the mean difference between measured and predicted CARS scores was 0.025 (0.38) (Figure 3) . Table 2 shows the CARS accuracy based on different samples of Actiwatch (5 minutes epochs) with confidence level of 95%. Given the data from the Actiwatch (averaged over a 5-minute epoch) the equivalent CARS score could be calculated with a 95% confidence level of plus or minus 0.74 CARS units. 
OPEN ACCESS
DISCUSSION
There is increasing interest in the health benefits of physical activity in children. However, practical and accurate means to quantify this complex behavior are required. Accelerometry monitors are widely used to assess physical activity due to their ease of use over long periods, and provision of detailed information about the intensity, frequency and duration of physical activity. This study assessed the validity of the Actiwatch in quantifying physical activity in children. Our findings are consistent with the results of similar studies in children [8, 13, 17] . These results demonstrated that movement measured using uniaxial accelerometers could be used to accurately measure various types and intensity of activities in children.
A study by Finn and Specker that used CARS as the criterion measure of activity, reported that the Actiwatch (Mini Mitter) attached to the waist provides an accurate assessment of children physical activity in free-living condition particularly in those who had been more active. The within-childcorrelation between 3-minute Actiwatch counts and CARS scores was 0.74 [13] . In the current study the Actiwatch was placed on wrist of subjects and validated against CARS, which has never been done before. However, it was argued that the placement of activity monitor might affect the outcome of measurement [10] . Therefore, the monitor placement might be a third factor, which needs to be considered when comparing different accelerometer studies.
The different time intervals seem to be challenging issue when assessing physical activity with an accelerometer and it should be considered. Using 1-minute interval in children might limit the accuracy of measuring activity and cause misclassification of intensity activity levels [20] . To our knowledge, only one study has investigated the effect of different time sampling epochs on capturing physical intensity in children [20] . This study has observed a significant effect of time sampling epochs for time spent at very high and high intensity activities. Although, this study has shown that using shorter epochs give a more detailed picture of PA in children, the accelerometer (CSA Activity monitor), which was used in this study was validated in defined condition for one min interval not less [21] . Therefore, further investigations are required to determine the optimum epoch length for assessing PA intensity in children. Testing epochs less than 1 minute was beyond the scope of this study as the CARS uses one minute observations [18] . In current study, 10 different time epochs (1 -10 minutes) have been used. Increasing time intervals caused the relationship to become stronger ( Figure 1) ; however, the trend of correlation was nearly flat after 5-min interval, therefore, 5-min epoch was chosen to have optimum accuracy and resolution for this study.
In order to test the validity of the developed equation for CARS prediction a cross-validation was performed. No significant difference between measured and predicted CARS scores was observed in the validation sample. It should be considered that we produced the equation from children with limited variation in their activities. Therefore, it must be noted that prediction of CARS scores from Actiwatch counts should not be performed outside the range of activity monitor data found in the present study (Figure 2) .
These data indicate that the Actiwatch activity monitor seems to be a valid tool for assessing physical activity performed by children age 2 -5 years. Due to wide variety of activity levels in defined conditions like laboratory (e.g. treadmill), the validation studies have shown strong correlations between activity counts and criterion methods and vice versa in field condition (e.g. free living condition [14, 17] . The Actiwatch monitor, a uniaxial accelerometer, used in this study, is small, wrist-worn device, easy to use, well tolerated by children and allows them to engage in normal daily activities. Data from some early investigations indicate that uniaxial accelerometers may not be able to detect physical activity as effective as triaxial accelerometers [22] . However, a number of studies consistent with this study have found that the uniaxial accelerometers provide valid data and they are equally effective as triaxial models in qualifying physical activity and estimating EE in children and adolescents [10, 13, 23] . Therefore, the relative small size of this wrist worn Actiwatch along with its validity and precision provide a practical tool for assessing physical activity particularly for younger children.
CONCLUSION
A limitation of our study was the time that the children spent performing vigorous activities, which was too short. In addition, the CARS is not able to measure PA for less than one-minute interval and therefore we may be missing some vigorous activities [20] . In summary, this study reveals that this Actiwatch monitor is a valid means for the assessment of physical activity in children. In addition, an equation for prediction of CARS scores to use in other studies was developed and cross-validated. Further studies particularly with measuring EE as criterion measure might be beneficial to confirm these data.
